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Electrocardiography, although remaining central to the prac- 
tice of clinical cardiology, has been slow to approach new 
horizons in parallel with other technologic advances in 
cardiovascular diagnosis. The failure to derive more infor- 
mation from standard electrocardiography reflects the limits 
of access to the data source rather than limits of technologic 
capabilities to process data. Some additional understanding 
has been derived from technologies such as vectorcar- 
diography, signal averaging and body surface maps and 
information obtained from intracardiac electrophysiologic 
recordings. Unfortunately, neither standard electrocardiog- 
raphy nor any of the passing adjunctive procedures has been 
able to achieve major new insight into the basic theoretic 
limitations of standard electrocardiography-the solutions to 
the “forward problem” and to the “inverse problem” of 
electrocardiography (1). 
Forward problem and inverse problem of electrocardiog- 
raphy. The forward problem seeks the description of a 
specific electrocardiographic (ECG) pattern in response to a 
specific local or regional intracardiac change in electrical 
activity; the inverse problem seeks to derive a unique 
myocardial electrical change from a specific set of electrical 
signals on the body surface. Some information relevant to 
the solution of forward problems has evolved from clinical- 
pathologic correlations, experimental electrophysiology and 
clinical electrophysiologic techniques such as pace-mapping 
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and body surface maps. A reasonable level of knowledge of 
the effect of specific lesions has evolved from these sources 
and is the basis for the continued utility of the standard 12 
lead ECG in clinical medicine. 
The inverse problem has been much more difficult to 
resolve. Stated in its most simple terms, the electrical signals 
available from standard ECG leads generally do not have 
sufficient power of resolution to provide a single specific 
explanation for a surface observation. Even multielectrode 
body surface maps fall short. Attempts to apply inverse 
problem theory to electrocardiography have focused on 
derivation of activation and repolarization sequences in 
normal and abnormal hearts (2,3). Obvious examples of 
acti~tion problems include ECG patterns resulting from 
conduction system disease or from regional loss of muscle 
mass. However, inverse problem solutions, if possible at all, 
could be even more valuable for understanding patterns of 
repokurizution, an area in which our knowledge is severely 
limited by lack of specificity. 
Acute inferior wnll myocardial in,farction provides a 
clearly focused example of the limits of invrrse problem 
solving and of the practical need for neIc’ ~nys of looking at 
an electrical question. The problem in question is the 
distinction between the possible causes of ST segment 
depression in the anterior chest leads in patients with inferior 
wall myocardial infarction. Specifically, anterior ST segment 
depressions can be due to “reciprocal” changes related to 
ST elevations in leads II, 111. and aVF, to true posterior 
extension of an inferior wall myocardial infarction or to 
concomitant subendocardial ischemia in the distribution of 
another vascular bed (4). In recent years, a number of 
studies (5-8) have highlighted the practical importance of 
this distinction, citing differences in morbidity and mortality 
rates among patients with concomitant ischemia in another 
region compared with the rates in patients with true recip 
rocal changes. Unfortunately, it continues to be clear that 
the standard I2 lead ECG will not distinguish between these 
causes. 
Body surface electrocardiographic mapping. As the im- 
portance of this specific problem in clinical electrocardiog- 
raphy was becoming clear, applications of body surface 
mapping techniques for addressing questions of both depo- 
larization and repolarization were being developed (2,3). The 
use of multiple electrode arrays on the body surface allows 
acquisition of high resolution patterns of the sequences of 
depolarization and repolarization in the format of body 
surface maps. The subsequent addition of computer pro- 
grams capable of modeling the anatomy and electrical char- 
acteristics of the thorax in humans yielded a technology 
proposed to be capable of deriving epicardial potentials from 
multielectrode body surface potentials (9,lO). Theoretically, 
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the technology could be applied to epicardial wave front 
analysis for both depolarization and repolarization. If the 
derived epicardial information is indeed accurate, the body 
surface information might provide a contemporary counter- 
part of so-called semidirect data that early electrocardiog- 
raphers had hoped would be obtained from unipolar ECG 
leads. 
The present study. In their study of derived epicardial 
potentials and ST depression in inferior wall myocardial 
infarction in this issue of the Journal, Kilpatrick et al. (11) 
bring together the new technology and the clinical problem. 
Their data suggest that epicardial potentials derived from 
signals recorded from the body surface during the ST seg- 
ment can distinguish between ST segment depressions in the 
anterior leads due to reciprocal changes and those due to 
ischemia at another site. The distinction is based on the 
generation of a strong epicardial dipole in the latter circum- 
stance. Although reasonable in theory, the conclusions must 
be accepted with caution because of the difficulty in validat- 
ing that actual epicardial events are the same as those 
generated by computerized modification of the body surface 
data. The authors themselves clearly express the desirability 
of further validation. 
One of the most intriguing elements in this report (I I) is 
the lack of correlation between electrical evidence for re- 
mote ischemia and findings at cardiac catheterization or 
postmortem examination. Although only 27% of the patients 
studied had anatomic verification of the extent and distribu- 
tion of coronary artery disease, the statistics for the sub- 
group demonstrate that a pattern of remote ischemia did not 
necessarily require more than single vessel disease. In 
addition, it appears that the electrical pattern reflecting 
remote ischemia (i.e., generation of an epicardial dipole 
during the ST segment) was a more powerful predictor for 
subsequent mortality than was the number of vessels in- 
volved. The mechanism by which dipole patterns were 
generated in the absence of multivessel disease is not clari- 
fied in this study. The authors suggest the possibilities of 
mechanical stress secondary to hemodynamic dysfunction 
or extension of infarction to the right ventricle. The latter 
would not identify a high risk group and the former does not 
seem consistent with the general clinical descriptions of the 
patients studied. Other causes of remote transient ischemia 
should be considered. e.g., generalized humoral responses 
to the infarction, such as catecholamine release, or coronary 
spasm. 
Clinical implications. The use of body surface mapping 
has gained only limited clinical acceptance and applicability 
to date. It has been considered a cumbersome technique, 
generating data in a format that is difficult to interpret and 
quantitate. As a clinical research tool, of course, the value of 
the technique remains unquestioned. Nonetheless, it is not 
clear that, for patterns of depolarization, the technique will 
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generate much more clinically useful information than that 
derived from the standard 12 lead ECG in most clinical 
circumstances. In contrast, because patterns of repolariza- 
tion derived from standard electrocardiography have very 
limited specificity, there remains an intense need for new 
methods to resolve data. Hidden within the term “nonspecif- 
ic ST-T wave changes” may be a great deal of useful 
information that cannot be derived from standard 12 lead 
electrocardiography. It is in this realm that the study of 
Kilpatrick et al. (I 1) is particularly fascinating. By identify- 
ing a common clinical finding in need of greater resolution, 
they have chosen a good example with which to apply new 
technology. Certainly there are limits to the study, such as 
the absence of a coronary angiographic documentation in the 
majority of patients and the absence of imaging data to 
confirm transient ischemia. These are questions that must be 
studied in the future, but for now, Kilpatrick and coworkers 
(11) present an interesting approach to a new horizon in 
clinical electrocardiography. 
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